Background: Facial port-wine stains (PWS) are considered by some an aesthetic skin problem, yet impact on quality of life (QoL) has not been objectively documented.
attributed to progressive dilation of the malformed vasculature. Although PWS can be sporadic and isolated, it might also be associated with other vascular anomalies and genetic syndromes including Sturge-Weber syndrome and Klippel-Trenaunay syndrome.
A growing body of literature illustrates that skin disease can profoundly influence quality of life (QoL). [6] [7] [8] Although isolated PWS are generally thought to be asymptomatic (i.e., without pruritus, pain, major functional impairment), previous studies have demonstrated adversely impaired QoL in similarly asymptomatic skin conditions, such as vitiligo and alopecia. [9] [10] [11] The distinct appearance of PWS and potential complications might significantly impact a person's psychosocial development and well-being. 12, 13 Furthermore, the face is intimately associated with personal identity and social interactions. Several publications have shown a negative impact on health-related QoL and psychological adjustment in individuals with facial PWS or other facial differences including cleft lip, skeletal deformities, and scars. 14, 15 However, these studies did not use validated dermatologic-specific QoL instruments, making it difficult to ascertain the influence of other comorbidities on an individual's QoL and to compare these results with QoL studies in other skin conditions.
We evaluated the impact of facial PWS on QoL in affected adults using the standardized QoL tool, Skindex-29. 16 Furthermore, we examined the independent demographic and clinical factors that influenced QoL and compared our findings to published QoL studies on other dermatologic conditions.
We hypothesized that QoL would be significantly impacted by the presence of a facial PWS, and would be similar to that of other highly visible skin conditions, such as alopecia and vitiligo. We predicted that diminished QoL would correlate with a higher percentage of affected total body surface area (TBSA) and diagnosis of an underlying syndrome. Finally, we expected to find improved QoL with persons who had received laser treatment for their PWS, especially if initiated during infancy or early childhood.
MATERIALS AND METHODS

Survey methods and target population
A 62-question anonymous survey was administered via REDCap, a secure web interface for data collection and management. 17 The survey was developed by the authors and piloted among a small cohort of adults with facial PWS. 
Survey content
The main outcome measure of the survey was the Skindex-29, a widely used and validated dermatology-specific QoL questionnaire that addresses 3 independent domains: emotions, symptoms, and functioning. Item scores were transformed into a scale from 1 to 100 with higher scores indicating higher impact of skin disease. 16 We used the cut off values proposed by Nijsten et al to categorize QoL with the Skindex-29 (e.g., very little, mild, moderate, severe, and extremely severe). 18 Independent measures addressed 5 additional areas: (1) demographics including education level, (2) socialization with others, (3) medical and dermatologic comorbidities, (4) assessment of PWS clinical severity, and (5) treatment of PWS. Queried comorbid dermatologic conditions included acne, eczema, psoriasis, skin cancer, and other with the option to fill in text. Disease severity was determined by patient estimation of affected TBSA using the approximation that palm surface area roughly equals 1% TBSA. 19 We used a figure to ascertain the facial distribution and bilaterality of participants' PWS ( Fig 1) ; they were able to select one or more facial regions to indicate the area(s) affected.
Analysis
Descriptive statistics were used to analyze the survey sample. Domain scores and a composite score for the Skindex-29 were calculated according to the scoring procedures. 16 These scores were the outcome variables. Demographic and clinical characteristics were used as independent variables. Simple linear regression and analysis of variance models were used to assess univariate associations between each outcome and the set of independent variables. Multiple linear regression models were used to determine which independent variables remained significant while adjusting for other variables. The independent variables used in each model were determined using a stepwise selection procedure. P values less than .05 were considered statistically significant. Data were analyzed using SAS V9.3 (SAS Institute Inc, Cary, NC).
RESULTS
Patient characteristics
In total, 265 adults with facial PWS attempted the survey between November 7, 2015, and March 1, 2016. Of these, 244 (90.0%) completed the survey and were included in the final analyses. A majority were Caucasian (86.1%) and female (74.6%) ( Table I) . Participant age ranged from 18 to 75 years (mean, 38.9 years; standard deviation [SD] = 13.2). GED, General Education Diploma; PWS, port-wine stain.
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Disease severity was estimated using percent affected TBSA (mean 8.0; SD = 12.9). Seventy-six participants (31.2%) reported involvement of body region(s) beyond the face (Table II) . A majority (77.1%) reported undergoing $1 laser treatment(s) of their facial PWS (Table III) . Of those who received laser treatment, the average age at first treatment was 15.5 years (SD = 14.3).
Patients' preferred terminology
Most respondents preferred that health care providers use the terms ''port-wine stain'' (36.9%) or ''port-wine birthmark'' (36.1%) when discussing their skin condition. Less frequently, respondents favored ''vascular birthmark'' (13.5%) or ''vascular malformation'' (6.2%). One hundred and two (41.8%) respondents reported a perceived negative connotation with the word ''stain'' in reference to their skin condition.
Skindex-29 in patients with PWS
The mean Skindex-29 composite score in patients with facial PWS was 24.6 (SD = 19.1), indicating that overall the presence of a facial PWS had a moderate negative influence on QoL. The mean Skindex-29 subscores were 34.4 6 25.8 (emotions), 14.9 6 18.4 (symptoms), and 24.3 6 22.3 (functioning). These scores show that the most significant adverse impact was on the emotional realm, followed by functioning and symptoms.
Univariate associations with facial port-wine stain Univariate associations of demographic and clinical measures are presented in Table IV . Women had more emotional (P = .0295) and symptomatic (P = .0134) impairment in relation to their facial PWS than men.
Number of close friends was inversely related to the emotions score (P = .0333). Participants who reported fewer social engagements had higher subscale and composite scores (composite, P = .0004). Participants with comorbid skin conditions were more adversely affected in all 3 subdomains (emotions, P = .0155; symptoms, P \ .0001; functioning P = .0382) than those without other skin diseases. Anxiety and depression were the most commonly reported comorbidities overall and were associated with higher subscale and composite scores (composite score for anxiety and depression, P \.0001).
The presence of tissue hypertrophy (P \ .0001) and size of PWS (P \ .0001) were associated with higher symptom scores. Bilateral facial PWS correlated with higher symptom (P = .0003) and composite (P = .0254) scores.
Patients who had never received laser treatment for their facial PWS had significantly lower scores on the emotion scale (P = .0248). The untreated group was older (mean age, 44; SD = 14) than those who had received treatment (mean age, 37; SD = 12; t-test, P = .0005). The untreated subset had less severe PWS ([mean PWS severity, 1.8; SD = 0.9] vs [mean PWS severity, 2.4; SD = 1.5]; Wilcoxon's rank sum test, P = .0149). This group also reported fewer bilateral lesions (5.4% vs 21.8%; Fisher's exact test, P = .0048) and less skin comorbidity (25.0% vs 41.0%; Fisher's exact test, P = .0401).
Multivariate associations with facial port-wine stain
Several independent variables were identified as having associations with reduced QoL across all 3 subdomains, including comorbid depression (emotions, P \ .0001; symptoms, P = .0175; functioning, P \ .0001), limited facial mobility (emotions, P = .0006; symptoms, P = .0066; functioning, P = .0002), and presence of other skin conditions (emotions, P = .0044; symptoms, P \ .0001; functioning P = .0308). Older patients (beta = À0.3; P = .0020) and those who received special education services (P = .0009) had less emotional impairment. Those with hypertrophy had more emotional (P = .0212) and symptomatic (P \ .0001) impairment. Adults who reported more close friends (P = .0227) and frequent social engagements (P = .0427) had significantly less functional impairment due to their PWS.
Skin-specific QOL in facial PWS compared with other skin conditions
The Skindex-29 composite and domain scores were used to compare QoL in persons with facial PWS to 13 other dermatologic diseases and persons without skin disease (Table V) . 6, 8, 9, 11, [20] [21] [22] [23] [24] [25] [26] Across all Skindex-29 subscales, QoL for adults with facial PWS (composite score, 24.6) was lower than QoL for persons without skin disease (composite score, 9). Facial PWS was the third-lowest mean Skindex-29 score (composite score and subscore), with the emotion subscore being the most affected (mean, 34.4; SD = 25.8). Notably, the emotion subscore for adults with facial PWS was more adversely altered than that in those with nonmelanoma skin cancer/actinic keratosis (NMSC/AK), alopecia, rosacea, and cutaneous T-cell lymphoma (CTCL). The emotional burden for facial PWS was similar to that of rosacea, vitiligo, and epidermolysis bullosa. Patients with facial PWS were also more severely impacted in the functioning domain (mean, 24.3; SD = 22.3) than patients with NMSC/AK, vitiligo, alopecia, rosacea, acne vulgaris, CTCL, or psoriasis. Facial PWS symptom scores (mean, 14.9; SD = 18.4) were lower than all other skin conditions, except vitiligo. The composite dermatologic-specific QoL scores were similar to those of CTCL, rosacea, alopecia, and vitiligo. 
DISCUSSION
We hypothesized that the presence of facial PWS would significantly affect QoL, and the effect would be similar to that of other highly visible skin conditions such as alopecia and vitiligo. We predicted that diminished QoL would correlate with greater percent affected TBSA and diagnosis of an underlying syndrome. Finally, we expected to find improved QoL in individuals who received laser treatment for their PWS, especially if initiated during infancy or early childhood.
As predicted, individuals with facial PWS had similarly adversely affected QoL to patients with other dermatologic conditions such as alopecia areata and vitiligo, supporting the conclusion that these diseases are not simply cosmetic but can profoundly influence a person's emotional and physical well-being.
Our results indicate that facial PWS, regardless of the presence of an associated genetic syndrome, impacted QoL in all domains (emotions, symptoms, and functioning), but it most significantly influenced the emotion domain.
In our analysis, young age was associated with lower QoL, specifically with respect to emotions. This result is similar to a recent study examining QoL in patients with cutaneous lupus erythematosus, in which young age correlated with reduced QoL. 21 These findings suggest that older patients may have improved coping mechanisms compared with their younger counterparts.
Improved emotional QoL in patients with PWS was associated with larger social circles and more frequent social engagements. This finding is unsurprising since social isolation is a known risk factor for depression. In our analysis, the presence of comorbid depression was independently associated with lower QoL scores in all 3 domains. This is concerning because depression and anxiety were commonly reported among our study population (26.2% and 33.6%, respectively). Furthermore, previous epidemiologic studies have identified a relatively high prevalence of psychiatric disorders in patients with a variety of dermatologic skin conditions. 27 Studies have shown that QoL predicts mental health more accurately than dermatologic disease severity. 27, 28 This concept was illustrated in our analyses: QoL was associated with depression but not with disease severity (size of PWS).
We were not able to assess whether laser treatment improved QoL because the untreated subset had less severe disease, less bilaterality of their PWS, and fewer skin comorbidities. Furthermore, a majority of study responders initiated treatment at a relatively older age and early treatment is thought to achieve better results.
Factors such as tissue hypertrophy and decreased facial mobility were associated with low QoL. Early laser treatment of PWS might reduce the severity of these factors and the likelihood and severity of other unwanted outcomes, such as development of nodules, and psychosocial morbidity. 3, 29 Many experts support initiation of laser treatment in infancy for best results. 30, 31 The average age of first laser treatment in our study population was relatively old (15.5 years), well beyond the recommended age window for initiation of treatment. Future studies will have to evaluate the impact of early treatment on QoL.
Although we are able to draw a number of important conclusions from this study, several limitations should be acknowledged. First, the primary recruitment sources were various patient support and advocacy groups, the persons from which might not represent the facial PWS population as a whole (selection bias). Second, only adults who were able to read and respond to questions independently were included in the study, which again might not represent our study population and contribute to selection bias. Third, the higher frequency of female respondents could make our findings less generalizable to the PWS population as a whole. Finally, clinical severity (affected TBSA, bilaterality of facial lesion, and presence of associated tissue hypertrophy) was determined by patients, rather than by a dermatologist, and might therefore be inaccurate.
In conclusion, our analysis demonstrates that the presence of a facial PWS has a significant negative affect on QoL. Dermatologists caring for patients with PWS should inquire about QoL, provide appropriate support and resources, and consider QoL when discussing treatment options and obtaining authorization for these procedures. 
